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$M$ : , $TM$ : $M$ (tangent bundle),
$T^{*}M$ : $M$ (cotangent bundle), $G$ : (semisimple) $|j$ – ,
$G^{\mathrm{C}}$ : $\dagger\rfloor$ – $G$ , $\mathcal{G}$ : $G$ ,
$G/K$ : , $G/H$ : (reductive)
$G_{k}(\mathrm{C}^{n})$ : $\mathrm{C}^{n}$ ,
$\mathrm{C}P^{n-1}=G_{1}(\mathrm{C}^{n})$ : (Fubini-Study ) (n–l)-
1113 1999 44-64 44
\S 2
C\infty $\varphi:Marrow G/K$
\S 2.1 [$M=S^{2},$ $G/K=S^{n}$ ]
, [Ca167], [Ca167-2], [Ch70], [Bar75]
\S 2.2 [$M=S^{2},$ $G/K=\mathrm{C}P^{n-1}$ ]
, [EW83], [Bns82], [Wo185] , Harmonic se-
quence – , $\varphi$ : $S^{2}arrow G_{k}(\mathrm{C}^{n})$
, $k$ (tautological vector bundle) $T_{k}arrow G_{k}(\mathrm{C}^{n})$
$\varphi$ $\underline{\varphi}arrow S^{2}$ , $\underline{\varphi}$ $x\in S^{2}$
$\underline{\varphi}_{x}=\varphi(x)$
$S^{2}$ $\underline{\mathrm{C}^{n}}=S^{2}\cross \mathrm{C}^{n}$ , Hermite




$h$ Hermite , $S^{2}$
, $\mathrm{H}\mathrm{o}\mathrm{m}(\underline{\varphi}, \underline{\varphi})\perp$ $G_{k}(\mathrm{C}^{n})$ $\varphi$
, $\mathrm{H}\mathrm{o}\mathrm{m}(\underline{\varphi},\underline{\varphi})\perp$ , Koszul-Malgrange
, $d\varphi=\partial\varphi+\overline{\partial}\varphi,$ $\partial\varphi=\partial\varphi^{1,0}+\partial\varphi 0,1$ , $\partial\varphi^{1,0}$
$T^{*}M^{1,0}\otimes \mathrm{H}\mathrm{o}\mathrm{m}(\underline{\varphi}, \underline{\varphi}^{\perp})$ , $C^{\infty}$ - $\varphi$
$\partial\varphi^{1,0}$ : $TM^{1,0}\otimes\underline{\varphi}arrow\underline{\varphi}^{\perp}$ image , $\partial\varphi^{1,0}$ $l$
, $\wedge^{l}\partial\varphi^{1,0}$ (M divisor $D$ )
( $M\cross \mathrm{C}^{n}$ ) , $D$ $\mathcal{O}(D)$
1
, $M$ image , $\delta$ $\mathcal{O}(D)$ , $\delta$
$D$ , $\wedge^{\iota_{\partial\varphi}1,0}\otimes\frac{1}{\delta}$ $:\otimes^{\iota}TM1,0\otimes\Lambda^{l}\underline{\varphi}arrow\Lambda^{l}\underline{\varphi}^{\perp}$ image
$M$ decomposable , $\partial\varphi^{1,0}$ image
$M$ $\underline{\varphi}^{\perp}$ $l$ , $\varphi$
Gauss , $G’(\varphi)$ $G’(\varphi)=\varphi_{1}^{*}\tau_{\iota}$ $\varphi_{1}$ : $Marrow G_{l}(\mathrm{C}^{n})(l\leq k)$
, $k=1$ Gauss ,






$G^{(j_{0})}(\varphi)$ , Hermite $p:G^{(j\mathrm{o}}$ ) $(\varphi)arrow\underline{\varphi}$ ,
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$A_{\varphi}:=p\mathrm{o}\partial\varphi_{j_{0}}\mathrm{O}\partial 1,01,0\varphi_{j\mathrm{o}^{-1}}\mathit{0}\cdots 0\partial\varphi_{1}01_{)}0\partial\varphi^{1,0}$ End $(\underline{\varphi})$
, End $(\underline{\varphi})$ , $M=S^{2}$
, , $p:G^{(j\mathrm{o}}$ ) $(\varphi)arrow\underline{\varphi}$ , $c^{(j\mathrm{o}\rangle}(\varphi)$ $\ovalbox{\tt\small REJECT}$
, $s\in \mathrm{N}$ , $G^{(s)}(\varphi)=0$
$G^{(s-1})(\varphi)$ ,
, $M$ , $\varphi:M=S^{2}arrow \mathrm{C}P^{n-1}$
, $\psi$ : $M=S^{2}arrow \mathrm{C}P^{n-1}$ , Gauss
\S 2.3 [$M=S^{2},$ $G/K=G_{k}(\mathrm{C}^{n})$ ]
, [BW86], [BS87], $[\mathrm{C}\mathrm{h}\mathrm{W}87]$ , [Wo188] [BW86] ,
$\mathrm{C}P^{n-1}$ , , End$(\varphi)$
, , $\underline{\varphi}$ Hermite
Gauss $G^{(r)}(\varphi)$ $r$ \mbox{\boldmath $\varphi$} isotropy order
, End $(\underline{\varphi})$- , $A_{\varphi}^{r}$ , $A_{\varphi}^{r}$
, $V=\underline{\varphi}\ominus \mathrm{I}\mathrm{m}\mathrm{A}_{\varphi}\oplus{\rm Im}(\partial\varphi^{1,0}|_{{\rm Im} A_{\varphi}})$
$V$ $V$ $\varphi_{1}$ $k=2$ , ,
$G_{2}(\mathrm{C}^{n})$ , $S^{2}$ , $\varphi_{1}$
isotropy order , $\varphi$ isotropy order 1




, $s_{i},$ $s_{j}$ (1) (2)
(1) , $\varphi$ $\psi:S^{2}arrow G_{2}(\mathrm{C}^{n})$ (2) ,
$\varphi_{0}$ : $S^{2}arrow \mathrm{C}P^{n-1}$ , , extension $\varphi^{0}$ : $S^{2}arrow$
$G_{2}(\mathrm{C}^{n})$ , $\varphi$ $\underline{\mathrm{C}}^{n}\ominus(G^{(_{S_{j}})}(\varphi l)\oplus G(_{S+}j1)(\varphi_{l}))$
$U$ , $\underline{\varphi^{0}}=U\oplus G^{(s_{j})}(\varphi\iota)$ $\varphi^{0}$
$k=3,4$ ,
$k$ , [BS87] Harder-Narasimhan filtration , Chern
, , [Wo188] ,
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$\varphi$ : $S^{2}arrow G_{k}(\mathrm{C}^{n})$ Gauss , $\underline{\varphi}$ Hermite
, , , $r$ $\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{k}\underline{\varphi}>\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{k}G^{(r}$) $(\varphi)$
Wolfson $\overline{\partial}\varphi^{1,0}$ : $TM^{0,1}\otimes\underline{\varphi}arrow\underline{\varphi}^{\perp}$ image
Gauss , $G^{(i)}(\varphi)$ , , $G^{(i)}(\varphi)$
$\varphi_{i}$ , $\partial\varphi_{i}^{1,0}$ image $G^{(i+1}$ ) $(\varphi)$ , $\overline{\partial}\varphi_{i}^{1,0}$ image
$G^{(i-1})(\varphi)$ , , $\overline{\partial}\varphi_{i}^{1,0}=(\partial\varphi_{i-}1)1,0*$
, $\varphi_{i-1}$ $G^{(i1)}-(\varphi)$
, $\partial_{i}=\partial\varphi_{i}^{1}’,$$\overline{\partial}_{i}0=\overline{\partial}\varphi i1,0$ $\text{ _{}-}\text{ }$ ,




$\circ$ , $\overline{\partial}_{i}=(\partial_{i-1})^{*}$ , $|\partial_{i-1}|^{2}=|\overline{\partial}_{i}|^{2}$ ,
(2.2) $c_{1}(G^{(}i \rangle(\varphi))=\int_{M}(|\partial_{i1}-|^{2}-|\partial_{i}|^{2})$
, Gauss $k(=\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{k}(\underline{\varphi})),\text{ ^{ }}$ $\wedge^{k}\partial_{i-1}$ :
$\Lambda^{k}G^{(i1}-)(\varphi)arrow\Lambda^{k}G^{(i)}(\varphi)\otimes(\otimes^{k}\tau^{*}M^{1,0})$ ,
$D_{i-1}$ , $\mathcal{O}(D_{i-1})$ $\delta$ ,
$\wedge^{k}\partial_{i-}1\otimes\frac{1}{\delta}$ : $\Lambda^{k}c^{(i-}1$ ) $(\varphi)\otimes \mathcal{O}(Di-1)arrow\Lambda^{k}G(i\rangle(\varphi)\otimes(^{k}\otimes\tau*M1,0)$
,
(2.3) $c_{1}(G^{(}i)(\varphi))=c_{1}(G^{(}i-1)(\varphi))+\deg(D_{i1}-)+k(2-2\mathit{9})$





, $\mathrm{E}(\varphi)$ $\varphi$ , $g=0$ , $s\in \mathrm{N}$
( $s$ $c_{1}(\underline{\varphi})+sk>0$ , $s$
$\mathrm{E}(\varphi)$ ), , $s_{0}\in \mathrm{N}$ , rank$(c^{(_{S}}\mathrm{o})(\varphi))<k$
, $\psi$ : $S^{2}arrow G_{l}(\mathrm{C}^{n}),$ $(k\geq l\geq 1)$
, $g=1$ , $\overline{\partial}_{-i}$
, $\deg(\underline{\varphi})\neq 0$ , rank$(c^{(_{S_{0}}})(\varphi))<k$ $s_{0}\in \mathrm{N}$ ,
$-s_{0}\in \mathrm{N}$ , $\deg(\varphi_{s_{\text{ }}})\neq 0$
,
\S 2.4 [$M=S^{2},$ $G/K=G_{k}(\mathrm{c}^{n})$ or $U(n)$ ]
, [Uh189] ,
factorization theorem
$G_{k}(\mathrm{C}^{n})$ Cartan $U(n)$ ,
$\pi:\mathrm{C}^{n}arrow \mathrm{C}^{k}$ Hermite , $\pi^{\perp}$ $\pi$ image $\mathrm{C}^{n}$ Hermite




$\pi-\pi^{\perp}:$ $S^{2}arrow G_{k}(\mathrm{C}^{n})\subset U(n)$ , $A:= \frac{1}{2}\varphi^{-1}d\varphi,$ $A$
$(1, 0)$ - , $(0,1)$ - $A’,$ $A”$ , $\varphi$
:
$\varphi=c_{0}(\pi_{1^{-}}\pi_{1}^{\perp})\cdots\cdots(\pi-rr\pi^{\perp})$ .
$r$ $\varphi$ , , $\varphi^{(i)}=c_{\mathit{0}}(\pi_{1}-\pi_{1}^{\perp})\cdots(\pi_{i}-\pi_{i}^{\perp})$
, $\varphi^{(i-1)}=\varphi^{(i)}$ ( $\pi_{i^{-\pi_{i}^{\perp})}}$ , $\varphi^{(i-1)},$ $\varphi^{(}i$ ) , , $S^{2}$ $U(n)$
, $\pi_{i}-\pi_{i}^{\perp}$ $\varphi^{(i)}$ $\varphi^{(i-1)}arrow\varphi^{(i)}$
[Va188] , ,
Uhlenbeck factorization theorem [Wd88], [Wd89] ,
explicit
\S 2.5 [$M=S^{2},$ $G/K=\mathrm{C}\mathrm{o}\mathrm{m}_{\mathrm{P}}\mathrm{a}\mathrm{c}\mathrm{t}$ simple Lie group except $G_{2},$ $F_{4},$ $E_{8}$ ]
, [BR86] , Uhlenbeck factorization theorem
48
$G_{k}(\mathrm{C}^{n})$ Hermite $H$ , – Flag
, Valli , Flag
factorization theorem
Loop $\Omega U(n)=\{\gamma : S^{1}arrow U(n)|\gamma(1)=e\}$ $\lambda\in S^{1}$
, $\gamma(\lambda)$ $\lambda$ Fourier , $\lambda$ Polynomial
$\Omega_{\mathrm{a}}U(n)$
$Mrightarrow^{Y}$ $U(n)$
Polynomial Loop filtration $\Omega_{0}U(n)\subset\Omega_{1}U(n)\subset\cdots\subset\Omega_{k-1}U(n)\subset\Omega_{k}U(n)\subset$
.. . $\subset\Omega U(n)$
$\circ$
$\Phi=\sum_{i=0}^{r}\lambda i\tau_{i}$
$\varphi$ extended solution , $r$
– $G$ ,
$([\mathrm{B}\mathrm{G}97])$
\S 2.6 [$M=S^{2},$ $G/K=G_{2}(\mathrm{R}^{n}),$ $Qn,$ $\mathrm{H}P^{n}$ ]
, [BEDW89], [BEDW91] ( $G/K=Q^{n}$ , [Wo186]
)o $G_{2}(\mathrm{R}^{n})$ $G_{2}(\mathrm{C}^{n})$ , , $\mathrm{H}P^{n}$ $G_{2}(\mathrm{c}^{22}n+)$
$\varphi$ : $S^{2}arrow G_{2}(\mathrm{R}^{n})\subset G_{2}(\mathrm{C}^{n})$ , $\overline{\underline{\varphi}}=\underline{\varphi}$
, $G_{2}(\mathrm{C}^{n})$ [BW86] ( ) Sections 22, 23
$\underline{\varphi}$ , $\alpha,$ $\beta$ , , $\underline{\varphi}$ , ,
$\ovalbox{\tt\small REJECT}^{:=\underline{\varphi}\ominus\alpha}\oplus{\rm Im}(\partial 0|_{\alpha})$ ,
$\underline{\varphi_{b}}:=\underline{\varphi}\ominus\beta\oplus{\rm Im}(\overline{\partial}_{0}|_{\beta})$
2
$\underline{\varphi_{f}}$ $\underline{\varphi_{b}}$ , , $\varphi_{f}$ : $Marrow G_{2}(\mathrm{C}^{n})$
$\varphi_{b}$ : $Marrow G_{2}(\mathrm{C}^{n})$ , $\partial_{0},$ $\overline{\partial}_{0}$
, $\varphiarrow\varphi_{f}$ forward replacement, $\varphiarrow\varphi_{b}$ backward replacement
, forward replacement , $G_{2}(\mathrm{R}^{n})$ ,
, ( explicit ), backward
replacement isotropy order 2 $\varphi_{2}$ : $S^{2}arrow G_{2}(\mathrm{R}^{n})$
$\varphi:S^{2}arrow Q^{n}$ , 2 $Q^{n}arrow G_{2}(\mathrm{R}^{n})$
49
$\varphi$ : $S^{2}arrow \mathrm{H}P^{n}\subset G_{2}(\mathrm{C}^{2n+2})$ , $G_{2}(\mathrm{c}^{22}n+)$ $j$ $j\underline{\varphi}=\underline{\varphi}$
, $G_{2}(\mathrm{R}^{n})$ , [BEDW89], [BEDW91] , $S^{2}$
explicit , , Weierstrass
[Problem 1] \mbox{\boldmath $\varphi$} : $S^{2}arrow \mathrm{C}\mathrm{a}\mathrm{y}P^{2}$ explicit construction –
, $S^{2}$ , explicit
[Problem 2] genus$(M)\geq 2$ , $\varphi$ : $Marrow G/K$ ,
,
\S 3
\S 3.1 [ Extended framing]
$M$ , $G/K$ involution $\sigma$
, $(G^{\sigma})$ $\subset K\subseteq G^{\sigma}$ , $G^{\sigma}=\{g\in G|\sigma(g)=g\}$ , (G\mbox{\boldmath $\sigma$})
$e$ ( $e\in G^{\sigma}$ ) $G^{\sigma}$ $G/K$ G-
$G,$ $K$ , , $\mathcal{G},$ $\mathcal{K}$ , $\mathcal{G}=\mathcal{K}+\mathcal{M}$
$G$ Maurer-Cartan $\theta$ , $\theta(X)=(L_{g^{-1}})_{*}X$ for $X\in T_{g}(G)$
$G$ G- 1 $C^{\infty}$- $\varphi$ : $Marrow G/K$
, $\varphi$ framing $\Phi$ : $Marrow G$ , $\alpha=\Phi^{*}\theta$ , $\alpha$ $M$ G- 1
, Maurer-Cartan $d \alpha+\frac{1}{2}[\alpha\wedge\alpha]=0$ $\circ$ , $M$ G- 1
$\alpha,$ $\beta$ , [ $\alpha$ A $\beta$] , $M$ G- 2 ,
$[\alpha\wedge\beta](X, Y)=[\alpha(X), \beta(Y)]-[\alpha(Y), \beta(X)]$ $X,$ $Y\in TM$
, $M$ G- 1 $\alpha$ , $\alpha$
Maurer-Cartan , $\alpha=\Phi^{*}\theta$ $\Phi$ : $Marrow G$ $G$









$d \alpha_{\mathcal{K}}+\frac{1}{2}[\alpha\kappa\wedge\alpha\kappa]+$ [ $\alpha\lambda 4$; A $\alpha_{\mathcal{M}}’’$ ] $=0$
,
$\mu:G\cross_{K}\mathcal{M}\ni[g, \xi]arrow(\pi(g)=x, X=\frac{d}{dt}|_{t=0^{\mathrm{e}}}\mathrm{x}\mathrm{p}(t\mathrm{A}\mathrm{d}g\xi)\cdot x)\in T(G/K)$
, $\pi:Garrow G/K$ $G\cross_{K}\mathcal{M}$ $T(G/K)$
, $G\cross_{K}\mathcal{M}$ , $F:G\cross_{K}\mathcal{M}\ni[g, \xi]arrow$ ( $\pi(g)$ , Ad$g\xi$ ) $\in G/K\cross \mathcal{G}$ ,
$G/K\mathrm{X}\mathcal{G}$ , $F\circ\mu^{-1}$ $\beta_{x}(X)=(x, \mathrm{A}\mathrm{d}g\circ P_{\mathrm{A}((}\xi))\in$
$G/K\cross \mathcal{G}$ , $P_{\Lambda 4}$ : $\mathcal{G}arrow \mathcal{M}$ $\mathcal{K}$ G- 1
$\beta$ $G/K$ Maurer-Cartan ( , – , reductive
) $\mathcal{G}$ Ad$G$- $G\cross_{K}\mathcal{M}$ AdG-




. $>_{p}$ , $X,$ $Y\in T_{p}M$
, $\varphi$ Euler-Lagrange , $d^{*}\varphi^{*}\beta=0$
$\circ$ , $G/K$ (canonical connection) Levi-Civita $\nabla$ – ,
Levi-Civita $\varphi$ , $\nabla^{\varphi}=d-\mathrm{a}\mathrm{d}\varphi^{*}\beta$
, $\varphi^{*}\beta=\mathrm{A}\mathrm{d}\Phi\cdot\alpha_{\mathrm{A}\{}$ , Euler-Lagrange , $d*$
$\alpha_{\mathrm{A}4}+[\alpha\wedge*\alpha_{\lambda 4}]=0$ , $*$ Hodge star ,
, $*\alpha_{\mathcal{M}}=-\sqrt{-1}\alpha_{\mathcal{M}}’$ + $\sqrt$-1\alpha ,
$d\alpha_{\mathrm{A}4}’+[\alpha\kappa^{\wedge}\alpha_{\mathcal{M}}’]=d\alpha \mathcal{M}^{+}[’;\alpha\kappa\wedge\alpha_{r}’’\iota]$
, $\alpha$ Maurer-Cartan $d \alpha+\frac{1}{2}[\alpha\wedge\alpha]=0$ $\mathcal{K}$- , $\mathcal{M}-$
( $[\mathcal{M},$ $\mathcal{M}]\subset \mathcal{K}$ ) , (3.1)




(3.2) $d \alpha_{\lambda}+\frac{1}{2}[\alpha_{\lambda}\wedge\alpha_{\lambda}]=0$ for any $\lambda\in S^{1}$
, $\alpha_{\lambda}$ Maurer-Cartan $\varphi$
, $\alpha_{\lambda}=\Phi_{\lambda}^{*}\theta$ $\Phi_{\lambda}$ : $Marrow G$ $\lambda\in S^{1}$
, $\sigma$-twisted Loop $\Lambda(G, \sigma)$
,
$\Lambda(G, \sigma)=\{\gamma : s^{1}arrow G|\sigma(\gamma(\lambda))=\gamma(-\lambda)\}$
, Hilbert $\Lambda(G, \sigma)$ – A$($G, $\sigma)$
,
$\Lambda(\mathcal{G}, \sigma)=\{\xi : s^{1}arrow \mathcal{G}|\sigma(\xi(\lambda))=\xi(-\lambda)\}$
, Hilbert , $\alpha_{\lambda}$ $M$
A(G, \mbox{\boldmath $\sigma$})- 1 , $\mathcal{G}=\mathcal{K}+\mathcal{M}$ $\sigma$ $1,$ $-1$
, $p\in M$ $\Phi_{\lambda}(p)\in\Lambda(G, \sigma)$
, $\Phi_{\lambda}$ : $Marrow\Lambda(G, \sigma)$ $\Phi_{\lambda}$ $\varphi$ extended framing
$\varphi=\Phi_{1}\cdot K$ , $\Lambda(\mathcal{G}, \sigma)$ Hilbert ,
, $\xi=\sum_{\alpha\in \mathrm{Z}}\xi\alpha\lambda\alpha$ Fourier ,
$\overline{\xi_{\alpha}}=\xi_{-\alpha}$ , $\xi_{\alpha}\in \mathcal{G}^{\mathrm{C}}$
, $\sigma$-twisted ,
loop $K$ – , $\Lambda(G, \sigma)/K$
, $\Lambda(\mathcal{G}, \sigma)$ $K$ $\mathcal{K}$ ,
$\Lambda(\mathcal{G}, \sigma)=$.
$\mathcal{K}\oplus\Lambda_{0}(\mathcal{G}, \sigma)$ ,
$\Lambda_{0}(\mathcal{G}, \sigma)\mathrm{c}=(\bigoplus_{ne}.\mathcal{K}^{\mathrm{C}}\lambda\alpha)\oplus(.\oplus \mathcal{M}^{\mathrm{C}\alpha}\lambda)\alpha\neq 0,\alpha\cdot 6v\alpha.\circ dd$
.
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, $\Lambda(G, \sigma)/K$ ,
$T_{o}( \Lambda(c, \sigma)/K)^{1}’ 0=(\oplus.[\mathcal{K}^{\mathrm{c}_{\lambda^{\alpha}}}])\alpha>0,\alpha\cdot even\oplus(\bigoplus_{d\alpha\cdot od}[\alpha>0,.\mathcal{M}\mathrm{c}\lambda\alpha])$
, ,
, $\Lambda(G^{\mathrm{C}}, \sigma)$ $\Lambda^{+}(G^{\mathrm{C}}, \sigma)$
, $\Lambda(c, \sigma)/K\cong\Lambda(G^{\mathrm{c}}, \sigma)/\Lambda+(c^{\mathrm{c}}, \sigma)$ ,
$\Phi$ :extended framing $\Leftrightarrow(d\Phi)(\frac{\partial}{\partial z})\in[\mathcal{M}^{\mathrm{C}}\lambda]$
, extended framing $\Phi$ $\Phi$ : $Marrow$
$\Lambda(G^{\mathrm{C}}, \sigma)/\Lambda^{+}(G^{\mathrm{C}}, \sigma)$
\S 3.2 [$k$- :
$G$ – , $H$ $G$ , $N=G/H$
[ ] $N=G/H$ $k$- , $k$ $\tau$ : $Garrow G$
,
$(G^{\mathcal{T}})\circ\subset H\subset G^{\tau}$
, $G^{\tau}=\{g\in G|\tau(g)=g\}$ , (G\tau ) ,
$G^{\tau}$ , $\pi$ : $Garrow N$ $\pi(g)=g\cdot H$ , $\hat{\tau}(g\cdot H)=\tau(g)\cdot H$
, $k$ $\hat{\tau}$ : $Narrow N$ , $N\ni x=\pi(g)$
, $\hat{\tau}_{x}=\mathrm{A}\mathrm{d}g\cdot\hat{\tau}$ , $\hat{\tau}_{x}$ $x\in N$ $k$
, $\hat{\tau}_{x}$ $x\in N$ $N$ G-




$z=\hat{\tau}_{x}(y)$ , for any $x,$ $y\in N$
([Kow80] ) , $\{\hat{\tau}_{x}\}$ , Kowalski
$k$- , $k$- , Kowalski
[ ] $H$ $G$ (maximal torus) (centralizer) , $G/H$
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(generalized flag manifold) ,
$k$- (canonical $k$-symmetric structure) ([OU]
) $\circ$
, $\mathcal{G}$ Ad$G$- , $P$ $\mathcal{G}$ $\mathcal{H}$
, reductive $\mathcal{G}=\mathcal{H}\oplus P$ , $P$ $\mathcal{G}$ AdH-
, , $[\mathcal{H}, P]\subset P$ , $\tau$ $\omega^{j}$
\mbox{\boldmath $\omega$} $=\exp(2\pi\sqrt{-1}/k)$ , $\mathcal{G}_{j}\subset \mathcal{G}^{\mathrm{C}},$ $(j=0,1, \cdots, k-1)$ , $\tau$
:
(3.3) $\{$
$\mathcal{H}^{\mathrm{C}}=\mathcal{G}0$ , $P^{\mathrm{C}}= \bigoplus_{j}^{1}k-=1\mathcal{G}_{j}$ ,
$\overline{\mathcal{G}_{\dot{\tau}}}=\mathcal{G}_{-\dot{\eta}}$ , $\lceil \mathcal{G}_{i},$ $\mathcal{G}_{\dot{7}}\rceil\subset \mathcal{G}_{i}$$\overline{\mathcal{G}_{j}}=\mathcal{G}_{-j}$ $[\mathcal{G}_{i}, \mathcal{G}_{j}]\subset \mathcal{G}_{i+j}$ (index $\mathrm{m}\mathrm{o}\mathrm{d} k$ )
, Section 3.1 $\psi$ : $Marrow G/H$ $\psi$
$G$ $\Psi$ : $Marrow G$ 1 , $\alpha=\Psi^{*}\theta$ $\alpha=\alpha_{\mathcal{H}}+\alpha_{\mathrm{p},\alpha=\alpha’}P\mathrm{p}+\alpha_{\mathrm{p}’}$’
,
$[\alpha_{P’ \mathcal{P}}’\alpha’’]_{P}=0$
$\circ$ $G/H$ naturally reductive homogeneous space , $\psi$
Euler-Lagrange , Section 3.1 , $d^{*}\varphi^{*}\beta=0$
, (3.1) , $\psi$
(3.4) $\{$
$d\alpha_{\mathrm{p}}+’[\alpha_{\mathcal{H}}\wedge\alpha \mathcal{P}]’=0$,
$d \alpha_{\mathcal{H}}+\frac{1}{2}[\alpha_{\mathcal{H}\mathcal{H}}\wedge\alpha]+$ [ $\alpha_{p}’$ A $\alpha_{P}’’$ ] $=0$
, (3.4) – ,
:
[ ] $\psi$ : $Marrow G/H$ (primitive) , $\alpha_{P}’$ G1-
, $\alpha_{\mathcal{P}}’’=\overline{\alpha_{\mathrm{p}}’}$ , $\alpha_{P}’’$ $\varphi_{1}$ - , (3.3) , $[\alpha’\mathrm{p}\wedge\alpha’]\mathrm{p}’P=$
$0$ , $k\geq 3$ , $\psi$ : $Marrow G/H$
$\mathcal{G}$




$\alpha$ Maurer-Cartan $d \alpha+\frac{1}{2}[\alpha\wedge\alpha]=0$
$\mathcal{G}_{1}$ - , $\mathcal{G}0^{-}$ , (3.4) , $H\subset K$
, $\mathcal{G}=\mathcal{K}\oplus \mathcal{M}$ $\tau$- $p:G/Harrow G/K$
$p(g\cdot H)=g\cdot K$ ,
31([B191], [BP94]). $\geq 3$ $\psi$ : $Marrow G/H$
, $\varphi=p\circ\psi$ : $Marrow G/K$
[ ] $Q$ $\mathcal{K}$ , $\mathcal{G}$ ,
, $\mathcal{K}=$ $\oplus Q,$ $P=\mathcal{M}\oplus Q$ , $\tau$- $\mathcal{G}=$ $\oplus Q\oplus \mathcal{M}$ , $\psi$
framing , $\varphi$ framing , $\alpha_{P\mathcal{M}}’=\alpha’+\alpha_{Q}’,$ $\alpha\kappa=\alpha_{\mathcal{H}}+\alpha_{Q}$
, ,
$\{$
$\alpha_{\mathrm{A}\not\in}’\iota\mathrm{h}\mathcal{G}_{1}-\mathrm{f}\ovalbox{\tt\small REJECT},$ $\alpha_{\lambda 4}’’$ es $\mathcal{G}_{-1}-\int_{\llcorner}\mathrm{g}$ ,
$\alpha_{Q}’\#\mathrm{h}\mathcal{G}_{1}-l\llcorner \mathrm{g},$ $\alpha_{Q}’’\iota\mathrm{h}\mathcal{G}_{-1^{-}}\int\overline{\mathrm{L}}\mathrm{g}$
, $[Q^{\mathrm{C}}, \mathcal{M}^{\mathrm{c}}]\subset[\mathcal{K}^{\mathrm{C}}, \mathcal{M}^{\mathrm{c}}]\subset \mathcal{M}^{\mathrm{C}}$ , - , [ $\alpha_{Q}’’$ $\alpha_{\lambda 4}’$ ] $\mathcal{G}0^{-}$
, , [\alpha \alpha $=0$ ,
[\alpha K\wedge \alpha =[\alpha H\wedge \alpha +[\alpha \wedge \alpha
$=[\alpha_{\mathcal{H}}$ A\alpha
$\circ$ , $\mathcal{G}=\mathcal{H}\oplus Q\oplus \mathcal{M}$ , $\tau$- , [ $\alpha_{\mathcal{H}}$ \alpha M $=[\alpha_{\mathcal{H}}$ \alpha
$\circ$ , (3.4) , $\mathcal{G}_{1}\cap \mathcal{M}1\mathrm{c}$ - , $d\alpha_{\mathrm{A}4}’+[\alpha_{\mathcal{K}}\wedge\alpha_{\mathcal{M}}’]=0$
$\circ$ , [ $\alpha_{\lambda}’$4\wedge \alpha A4 $=0$ , Maurer-Cartan $d \alpha+\frac{1}{2}[\alpha\wedge\alpha]=0$
$\mathcal{G}=\mathcal{K}+$ $\mathcal{K}$- , $d \alpha_{\mathcal{K}}+\frac{1}{2}$ [$\alpha\kappa$ A $\alpha_{\mathcal{K}}$] $+[\alpha_{\mathcal{M}}’$ \wedge \alpha $=0$
, $\varphi$ : $Marrow G/K$ [
\S 3 $\cdot$3 [ ]
Section 3.2 , $k$- ,
, ,
, ? 1 :
$3\cdot 2$ ( $[\mathrm{B}\mathrm{F}\mathrm{p}\mathrm{P}93]$ , [Bur95]). $d\equiv 1$ mod , $\xi_{0}\in\Lambda_{d}=\{\xi=\sum_{j=-d}^{d}\xi_{j}\lambda j\in$
$\Lambda(\mathcal{G}, \tau)\}$ 1 , :
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$\Psi$ : $\mathrm{R}^{2}arrow G/H$ \Psi -1 $d\Psi(\partial/\partial z)=\xi_{d}+r(\xi d-1)$ ,
$\psi=\pi 0\Psi$ : $\mathrm{R}^{2}arrow G/H$
32 (finite type)
32 $r:\mathcal{H}^{\mathrm{C}}arrow \mathcal{H}^{\mathrm{C}}$
, $H$ $\text{ }\cdot\dagger \mathrm{J}$ – , $H^{\mathrm{C}}$ (reductive)
$H^{\mathrm{C}}=H\cdot B$ 1
$\mathcal{H}^{\mathrm{C}}=\mathcal{H}\oplus B$ $\mathcal{T}$ $\mathcal{H}$ ,
$\mathcal{H}^{\mathrm{C}}=N\oplus \mathcal{T}^{\mathrm{c}_{\oplus}}\pi$ , $\mathcal{B}=\sqrt{-1}\mathcal{T}\oplus\pi$
, $N$ – , $\eta\in \mathcal{H}^{\mathrm{C}}$
, $\eta=\eta_{N}+\eta_{\mathcal{T}^{\mathrm{C}}}+r_{\ulcorner}N$ ,
$r( \eta)=\eta N+\frac{1}{2}\eta \mathcal{T}^{\mathrm{C}}$
,
$( \eta dz)\mathcal{H}=(\eta N+\frac{1}{2}\eta T^{\mathrm{C}})dZ+(\eta_{N}+\frac{1}{2}\eta \mathcal{T}\mathrm{c})d\overline{Z}$
32 , $d\xi=[\xi, \alpha_{\lambda}]$ ,
$(\alpha_{\lambda})_{\mathcal{H}}=(\xi_{d-1}d_{Z})\mathcal{H},$ $(\alpha_{\lambda})_{\mathrm{p}d}’=\lambda\xi dZ$ $\alpha_{\lambda}$ ,
Maurer-Cartan $d \alpha_{\lambda}+\frac{1}{2}$ [ $\alpha_{\lambda}$ A $\alpha_{\lambda}$ ] $=0$ $\circ$ , $\alpha_{\lambda}=\Psi_{\lambda}^{*}\theta$
extended framing $\Psi_{\lambda}$ , $\psi=\pi\circ\Psi_{1}$ : $\mathrm{R}^{2}arrow G/H$
, ,
3.3( $[\mathrm{B}\mathrm{F}\mathrm{p}\mathrm{P}93]$ , [Bur95]). $\psi$ : $\mathrm{R}^{2}arrow G/H$ 2
, $\alpha_{p}’(\partial./\partial_{\mathcal{Z})}$ $\mathrm{R}^{2}$ , $\psi$
$\alpha_{\mathcal{P}}’(\partial/\partial_{Z)}$ , $G$ Adjoint $\mathcal{G}^{\mathrm{C}}$ ,
$\mathcal{G}^{\mathrm{C}}$ $\mathrm{a}\mathrm{d}\alpha_{P}’(\partial/\partial_{Z)}$ 32
$\xi$ , $\lambda^{-1}$ , $\lambda^{j}$
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, $\alpha_{P}’(\partial/\partial z)$ ,
(hierarchy) ,
, 2
2 $T^{2}$ , 33
, :
[Problem 3] $\varphi:Marrow G/K$ ,
$\varphi$ $\psi$ : $Marrow G/H$ lift ? , $\psi$
, $\psi$ ?
\S 4
\S 4.1 [ ]
$4.1([\mathrm{B}\mathrm{F}\mathrm{P}\mathrm{p}93])$ . $T^{2}$ 1
$4.2([\mathrm{B}\mathrm{u}\mathrm{r}95])$ . $T^{2}$ , $S^{n}$ (Fubirli-Study
) $\mathrm{C}P^{n}$ E\S )
, $CP^{n}$ 4.1, 42 , –
[$G/K=G_{k}(\mathrm{C}^{n})$ ]
$G_{k}(\mathrm{C}^{n})$ , $\mathrm{C}^{n}$ $k$- $\varphi$ :
$Marrow G_{k}(\mathrm{C}^{n})$ isotropy order $r$ Section 23 $A_{\varphi}^{r}$
$G/H=sU(n)/S$ ( $U( \text{ _{}0})\cross U(\text{ _{}1})\cross\cdots\cross U(k_{r-1})\cross U(n-\sum_{j=0}r-1$ j))
, 0=k ,
$F_{x}^{r}(G/K)$
$=$ { $X=P_{0}\subset P_{1}\subset\cdots\subset P_{r-1}\subset P_{r}=T_{x}^{1,0}(G/K)|$ $P_{j}$ $\sum_{i=0}^{j}k_{i}$ }
$p:F^{r}(G/K)arrow G/K$ , $SU(n)$ $F^{r}(G/K)$
, ,
$S(U(k_{0}) \cross U(k_{1})\cross\cdots\cross‘. U(k_{r-1})\cross U(n-\sum_{j=0}^{r-1}kj))$
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, $F^{r}(G/K)=G/H$ $w_{0}=P_{0}$ , $P_{j-1}$ $P_{j}$
Hermite $w_{j}$ , $w_{j}(j=0,1, \cdots, r)$ $k_{j}$
, $G/H$ $(w_{0}, w_{1}, \cdots, w_{r})$ , $p(w0, w_{1}, \cdots , w_{r})=w\mathit{0}^{\cdot}$
$\varphi:Marrow G/K$ $\underline{R}=\underline{C^{n}\prime}\ominus(\oplus_{j=0}^{r-1}c(j)(\varphi))$
, $G^{(0)}(\varphi)=\underline{\varphi}$ Gauss $G^{(j)}(\varphi)arrow M$ , $x\in M$
, $G^{(j)}(\varphi)_{x}$ , $\psi$ : $Marrow G/H$
$\psi(x):=(G^{()}0(\varphi)x’ G(1)(\varphi)x’\cdots, G(r-1)(\varphi)_{x},$ $(\underline{R})x)\in G/H$
, $\omega=\exp(2\pi\sqrt{-1}/(r+1))$ , $Q\in G=SU(n)$
$Q=\omega^{j}$ on $w_{j}$ . $(j=0,1, \cdots, r)$
$\tau=\mathrm{A}\mathrm{d}\tau$ , $\tau$ : $Garrow G$ $r+1$
, $(G^{\tau})$ $\subset H\subset G^{\tau}$ , $G/H$ $(r+1)$-
(Section 32 ) , $G/H$ Maurer-Cartan $\beta$ $\psi$
,
$(\psi^{*}\beta)(\partial/\partial Z)\in\oplus \mathrm{H}_{0}\mathrm{m}(G(j)(\varphi), G^{(j1)}+(\varphi))\oplus \mathrm{H}\mathrm{o}\mathrm{m}(G(r-1)(\varphi),\underline{R})\oplus \mathrm{H}\mathrm{o}\mathrm{m}(\underline{R}, c(0)r-2j=0(\varphi))$
( , $\varphi$ Gauss ) - , $\tau$ ,
, $\mathrm{H}\mathrm{o}\mathrm{m}(G(j)(\varphi), G^{(j+)}1(\varphi))$ $s_{j+1}\otimes s_{j}^{-1}$ , $\tau(s_{j1}+\otimes S_{j}^{-1})_{\mathit{0}}=$
$\omega^{j+1}\omega^{-j}sj+1\otimes s_{j}^{-1}=\omega S_{j}+1\otimes s_{j}^{-1}$ , $\mathrm{H}\mathrm{o}\mathrm{m}(G^{(j)}(\varphi)\text{ }’ c^{(j+1})(\varphi)_{\circ})$ $\mathcal{G}_{1}$
, $\mathit{0}$ $G/H$ , $\mathit{0}$ , $\Psi=I$ ,
$\psi^{*}\beta=\alpha p$ , $\psi$ : $Marrow G/H$
, :
43 $([\mathrm{U}\mathrm{d}\mathrm{a}95])$ . $\varphi$ : $T^{2}arrow G_{k}(\mathrm{C}^{n})$ isotropy order $r$ $A_{\varphi}^{r}$ $T^{2}$
, $\varphi$
$\psi$ : $T^{2}arrow SU(n)/S(U(k)\cross U(k)\cross\cdots\cross U(k)\mathrm{x}U(n-rk))$ lift
[Problem 4] $\varphi$ , ?
[ ] , , ([OU] )
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4.1. $\varphi$ : $T^{2}arrow CP^{n-1}$ isotropy order , $\varphi$
, isotropy order $r=1$ , , $r\geq 2$
$\varphi$ , $\varphi$ isotropy order
o , 43 , $F^{1}(\mathrm{C}P^{n}-1)=\mathrm{c}Pn-1$
4.2. $\varphi$ : $T^{2}arrow G_{2}(\mathrm{C}^{4})$ isotropy order , $\varphi$
, , , $T^{2}arrow \mathrm{C}P^{3}$ extension
, $\underline{\varphi}$ 2 ) , rank$(\partial 0)=2$ , isoropy order
1 End $(\underline{\varphi})$ $\underline{\varphi}$ ,
$\varphi$ : $\Leftrightarrow \mathrm{t}\mathrm{r}\mathrm{a}\mathrm{c}\mathrm{e}A_{\varphi}^{1}=0$
, $\mathrm{D}\mathrm{e}\mathrm{t}A_{\varphi}^{1}\neq 0$ , 43 , $\varphi$
$\mathrm{D}\mathrm{e}\mathrm{t}A_{\varphi}^{1}\equiv 0$ , , $r=2$ (isotropy order
$r\geq 3$ ) , $\varphi_{1}$ : $T^{2}arrow \mathrm{C}P^{3}$
[Problem 5] $\varphi$ : $T^{2}arrow \mathrm{H}P^{n-1}(n\geq 5)$ ($n=2$
[FPPS92], $n=3,4$ [Uda97] ) , $\mathrm{C}\mathrm{a}\mathrm{y}P^{2}$ ?
[Problem 6] $T^{2}$ 2 , ,
\S 4.2 [Dressing dressing ]
$\psi$ : $Marrow G/H$ $k$- , $\Psi_{\lambda}$ : $Marrow\Lambda(G, \tau)$
extended framing $H^{\mathrm{C}}=H\cdot B$ 1 ,
$\Lambda(G^{\mathrm{C}}, \tau)=\{\gamma : S^{1}arrow G^{\mathrm{C}}|\tau(\gamma(\lambda))=\gamma(\omega\lambda)\}$ ,
$\Lambda^{+}(G^{\mathrm{C}}, \tau)=$ { $\gamma\in\Lambda(G^{\mathrm{C}},$ $\tau)|\gamma$ extends holomorphically to $Darrow G^{\mathrm{C}},$ $\gamma(0)\in B$ }
$D=\{\lambda\in C||\lambda|<1\}$ , $\Lambda^{+}(G^{\mathrm{C}}, \tau)$ , $\lambda$
, – $H^{\mathrm{C}}$ , B-
, $\lambda$ $H$- $\Lambda(G, \tau)$
, Pressly-Segal , $\mathrm{D}\mathrm{o}\mathrm{r}\mathrm{f}\mathrm{m}\mathrm{e}\mathrm{i}\mathrm{S}\mathrm{t}\mathrm{e}\mathrm{r}- \mathrm{P}\mathrm{e}\mathrm{d}\mathrm{i}\mathrm{t}_{-}\mathrm{W}\mathrm{u}$ , :
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$4.4([\mathrm{D}\mathrm{p}\mathrm{w}94])$ .
$\Lambda(G, \tau)\cross\Lambda^{+}(G^{\mathrm{c}}, \tau)\ni(a, b)arrow a\cdot b\in\Lambda(G^{\mathrm{C}}, \tau)$
,
, Section 32 –
$\Lambda(G, \tau)/H=\Lambda(G^{\mathrm{C}}, \tau)/\Lambda^{+}(G, \tau)$
$\Psi_{\lambda}^{-11\prime\prime}d\Psi_{\lambda}=\lambda\alpha_{\mathcal{P}^{+}\mathcal{H}}’\alpha+\lambda-\alpha_{P}$
[Dressing ] $\Lambda^{+}(G^{\mathrm{C}}, \tau)\ni g$ , $g\cdot\Psi_{\lambda}$ , , $\Lambda(G^{\mathrm{C}}, \tau)$
, 44 ,
$g\cdot\Psi_{\lambda}=\Phi_{\lambda}\cdot b$,
, $\Phi_{\lambda}\in \mathrm{H}\mathrm{o}\mathrm{m}(M, \Lambda(G, \mathcal{T})),$ $b\in \mathrm{H}\mathrm{o}\mathrm{m}(M, \Lambda+(G^{\mathrm{c}}, \mathcal{T}))$ o $\Phi_{\lambda}$
, $\Phi_{\lambda}^{-1}d\Phi_{\lambda}$ :
$\Phi_{\lambda}^{-1}d\Phi_{\lambda}=\mathrm{A}\mathrm{d}b\cdot\Psi_{\lambda}^{-1}d\Psi\lambda-db\cdot b^{-1}$





, $\Phi_{\lambda}$ , extended framing
$\Phi_{\lambda}$ $\Phi_{\lambda}=g\#\Psi_{\lambda}$ , $g$ dressing
[Dressing ] Dressing Maurer-Cartan ,
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:, dressing , $b_{1}=\lambda^{-}1(b-b\mathrm{o})|_{\lambda=0}$
$4.5([\mathrm{B}\mathrm{P}95])$ . $\psi$ : $\mathrm{R}^{2}arrow G/H$ ,
$\alpha_{P}’(\partial/\partial z)$ , $\alpha_{\lambda}$ , $\Psi_{\lambda}^{0}$ , $(\Psi_{\lambda}^{0})*\theta$
dressing
, [BP95] , Loop , $\psi$ extended framing
, dressing $\Psi_{\lambda}^{0}$ , $A\in \mathcal{G}_{1}$
$[A,\overline{A}]=0$ $A$ , $\Psi_{\lambda}^{0}=\exp(\lambda Az+\lambda^{-1}\overline{A}\overline{z})$
, $(\Psi_{\lambda}^{0})^{-1}d.\Psi 0\lambda=(\lambda d_{Z)}A+\lambda^{-1}(\overline{A}d_{\overline{Z})}$ , $\alpha_{P}’=Adz,$ $\alpha_{\mathcal{H}}=0$
.
4.3. $\varphi$ : $T^{2}arrow \mathrm{C}P^{n-1}$ isotropy order $r$ , $\alpha_{\lambda}$ ,









, $A$ $n$ , $0$ $(n-r-1)$
, 4.1 45, (3.4) 3
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:
(1) $zarrow CZ,$ $(c\in \mathrm{c}^{*})$ ,
(2) $\alpha_{P}’arrow\zeta\alpha_{P}’,$ $\alpha_{P}^{;\prime}arrow\zeta^{-1}\alpha_{P}\prime\prime,$ $\alpha_{\mathcal{H}}arrow\alpha_{\mathcal{H}}$ , $(\zeta\in S^{1})$ ,
(3) $\mathrm{H}$- , , $h\in \mathrm{H}=\mathrm{H}\mathrm{o}\mathrm{m}( , H)$ ,
$\alpha_{P}arrow \mathrm{A}\mathrm{d}h\cdot\alpha_{P}$, $\alpha_{\mathcal{H}}arrow \mathrm{A}\mathrm{d}h\cdot\alpha_{\mathcal{H}}-dh\cdot h^{-}1$
[Problem 7] $T^{2}$ 2 isotropy order
$\alpha_{P}’(\partial/\partial_{Z)}$ , ( ) dressing (
dressing ) ?
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